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[57] ABSTRACT 

A wear resistant, coated, metal carbide body compris- 
ing a metal carbide basic body, a metallic intermediate 
layer and at least one metal-free hard substance layer; 
wherein the metallic intermediate layer comprises mo- 
lybdenum and/or tungsten, has a thickness of 0.1 to 2 
/im and is applied to the metal carbide basic body by 
means of a physical vapor deposition process, prefera- 
bly by direct cathode sputtering. During the application 
of the intermediate layer, the metal carbide basic body 
has a temperature from 200* to 600° C. 

12 Claims, No Drawings 
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a metal carbide basic body is reduced by an intermedi- 
WEAR RESISTANT, COATED, METAL CARBIDE ate layer of nickel, cobalt or titanium, which is likewise 
BODY AND A METHOD FOR ITS PRODUCTION precipitated from the gas phase. 

BACKGROUND OF THE INVENTION 5 SUMMARY OF THE INVENTION 
The present invention relates to a novel wear resis- 11 is » therefore, an object of the present invention to 
tant, coated, metal carbide body comprising a metal provide a wear resistant, coated, metal carbide body, 
carbide basic substrate body, a metallic intermediate comprising a metal carbide basic body, a metallic inter- 
layer and at least one metal-free hard substance layer. mediate layer and at least one metal-free hard substance 
The invention also relates to a method for producing 10 layer, which has wear characteristics that permit its use 
the novel metal carbide body. as a tool for machining and shaping by non-cutting 

German Published Patent Application No. DE-OS means of metallic workpieces. 
2,528,255 discloses utilitarian and decorative articles . This object is accomplished by using a metallic inter- 
that have been coated with hard substances to a thick: mediate layer comprising molybdenum and/or tung- 
ness of 0, 1-to 50 jtm, the hard substances bemg c carbides, I 5 sten, in a thickness of from 0.1 to 2 u,m, applied to the 
^nitrides^borides, silicides, oxides of elements of Groups metal carbide basic body by means of a physical vapor 
in to VI of the Periodic Table, or combinations thereof. deposition (PVD) process, wherein the metal carbide 
DE-OS No. 2,528,255 further proposes to improve the body is maintained at a temperature from 200° to 600° 
adhesion of the hard substance coatings and to reduce C. during the application of the intermediate layer, 
thermal stresses by applying one or a plurality of inter- 20 According to a PVD process, the substrate is coated by 
mediate layers of metals, alloys of metals and hard sub- a physical method, such as vapor deposition, cathode 
stances, or hard substances. The basic substrate materi- sputtering, electric arc sputtering and the like. A body 
als for these known utilitarian and decorative articles produced in this manner has wear characteristics that 
may be metallic or nonmetallic substances, such asWel, permit its use as a tool for machining and shaping metal 
castable substances, colored metals, light metals, metal 25 workpieces by n0 n-cutting means, 
carbides, glass or ceramics. 

The known utilitarian and decorative articles may be DESCRIPTION OF THE PREFERRED 

produced by applying the intermediate and cover layers EMBODIMENTS 

in succession onto the basic body by gas phase reaction According t0 the preS ent invention, it is particularly 

according to the chemical vapor deposition (CVD) 30 ^v^^^i^te^^pri,. 

process, wherein the layers are precipitated onto the i^^y^^ the metal 

uTthe *°2 hi cSrtffiWlBa^^ since 

*Swifpat. No. 542,678 discloses a composite sub- P^f 5 an uniform pre- 

stance for cutting tools. This substance comprises a 35 cl P lta of + f« ^ b K denum ™ d/ * la ? eT 
metallic or nonmetallic substrate, at least one intermedi. ont ° the ^etal carbide basic body. The characteristics 
ate layer and a wear resistant cover layer, in which the of the mtennediate layer according to the present in- 
intermediate layer exhibits the following characteris- ™ he y ™ d . «? m advantageous manner by 
rtcg. replacing 0.1 to 49 weight percent of the molybdenum 

(a) its average hardness lies between the hardness of 40 and/or tungsten with titanium, zirconium, hafnium, 
the substrate and the hardness of the cover layer; niobium or tantalum, or combinations of two or more 

(b) it is more ductile than the cover layer; thereof. 

(c) its average coefficient of thermal expansion lies Metal carbide bodies according to the invention have 
between that of the substrate and that of the cover metal-free hard substance layers comprised of carbides, 
l aver; 45 nitrides, borides, silicides, or oxides of metals selected to 

(d) it ispartially dissolved in the substrate as well as have particularly great hardness and high melting 
in the cover layer; points. Some examples of hard substances to be used are 

(e) its average grain size is substantially less than the titanium carbide, titanium nitride, titanium boride and 
layer thickness. aluminium oxide, which have Vickers hardnesses in the 

The composite substance disclosed in Swiss Pat. No. 50 range from 2000 HV to 3400 HV and melting points 
542,678 is produced by precipitating the material for the from 2060° C. to 3067° C. 

intermediate layer from the gas phase onto the substrate The preferred hard substances to be used in the inven- 
by chemical reaction, with the material of the substrate tion are titanium carbide, titanium nitride, titanium car- 
and the material of the intermediate layer diffusing into bonitride or aluminum oxide, zirconium oxide, boron 
one another. The cover layer, in turn, is precipitated 55 carbide, silicon carbide, titanium diboride, or combina- 
from the gas phase onto the intermediate layer, with the tions thereof, which have demonstrated particularly 
material of the cover layer and the material of the inter- good wear characteristics. The most preferred hard 
mediate layer diffusing into one another. substances are titanium carbide, titanium nitride, tita- 

It has been found that coated metal carbide bodies nium carbonitride and aluminum oxide, 
comprising a metal carbide basic body, a metallic inter- 60 The metal carbide basic bodies are composed of two 
mediate layer and at least one metal-free hard substance phases, a binder metal phase comprising iron, cobalt or 
layer, which are formed through precipitation by chem- nickel, or combinations thereof, and a hard substance 
ical reaction from the gas phase as taught in the prior phase, dispersed in the binder metal phase, comprising 
art, have wear characteristics that preclude their use as one or more hard substances as defined above, prefera- 
tools for the machining and shaping by non-cutting 65 bly hard carbides of tungsten, titanium, niobium and/or 
means of metal workpieces. My own experiments, for tantalum. The metal carbide basic bodies may be pro- 
example, have shown that the wear resistance of a tita- duced by casting, by powder-metallurgical processes, 
nium nitride layer precipitated from the gas phase onto or by equivalent processes. The metal carbide bodies 
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arc known as cemented carbides. The cemented car- num target, while for the. precipitation of a titanium 
bides for a variety of applications are classified in the nitride hard substance layer one operates m. an argon- 
standard ISO 513 of the International Organization for . nitrogen mixture containing approximately 5% nitror 
Standardization/For the use as substrate material for g en . The titanium" sputtered from the titanium target., 
coated inserts for cutting tools the grades M15,.P25 and 5 reacts with the nitrogen to form titanium nitride, which 
K10 are very suitable. The typical compositions and the f orms a titanium nitride hard 'substance layer on. the 
graine size of the carbides of these grades are given in substrate. : ; ■ V 

the following: For comparison purpose some samples we^^ 

pared using the i dhemical Vapour Deposition method. 
10 In contrast to the described PVD-method in CVD the 
titanium necessary ifor the formation of a cpating of 
titanium carbide or titanium nitride is supplied by gase- 
ous titanium tetrachloride, in particular I applied the . 
following temperatares and gas mixtures to provide the 
* 5 cemented carbides with '-a coating consisting of an. inner 
. The object of the present invention is further accom- titanium carbide layer and an nitride . 

plished by a process for producing the wear resistant,. layer: - V ■ ' ; 

coated, metal carbide body in which the metallic inter- ''■ % 

mediate layer is applied to the metal carbide basic body 
in a PVD process, with the metal carbide basic body 
being heated to a temperature from 200° to 600°. C. 
during application of the intermediate layer. Surpris- 
ingly, I found that intermediate layers of molybdenum 
and/or tungsten impart excellent adhesion to the hard 

substance layers, although no diffusion takes place be- After a time of four hours a coating of titanium carbide 
tween the metal carbide basic body and the metallic (2; 5 fxm thickness) and titanium nitride (5 p,m thickness) 
intermediate layer at the process temperatures of . the were formed. ■ ' ;"V; - 
present invention. Such diffusion had been considered It is surprising to one skilled in the art that the coated 
in the past to be a prerequisite for good adhesion be- - Q metal carbide body of the invention having a metallic 
^tween the layers, intermediate layer comprising molybdenum and/or. 

According to the invention, it is particularly advanta- tungsten has wear characteristics that make it useful in. 
geous to apply the metallic intermediate layer to the making tools for the machining or shaping by nori-cutr 
- metal carbide basic body by direct cathode sputtering, fog means 0 f meta j Wbrkpieces. From Swiss Pat. No. 
since such a PVD process results in a particularly uni- , 542,678, one would be led to believe that the wear resis- 
form precipitation of the intermediate layer. tonce of ^ met al-free hard substance layers would 

As a further feature of the invention, it is provided have been reduced by the presence of the metallic inter- 
that at least one metal-free hard substance layer is ap- mediate layer 

plied to the metallic intermediate layer by reactive cath- Qne of ordte ^y auj m the art would know that the 
, *de sputtering or by gas phase reaction. The application ^hardness of an intermediate layer of molybdenum . 

of hard substance layers by reactive cathode sputtenng « ^ subs tahtiaUy less than the microhard- 

•: or_by gas phase reaction * known in the art ,.. ^ Qf ^ subst a„ ce s 4nd metal carbides: For 

The cathode sputtenng process is exemplified as fol- , , v , . - , , • 

* r or . r example, a molybdenum intermediate layer.has a micro- 

t , .■ . j | " . ■ , hardness of 160 to 190 HV (Vickers Hardness), while 

In a vacuum vessel containing argon and kept at a - it _ x . \* < , i V /tir>vw\ u ■ i. a 

nr«.«« rt f,K«»i in-2 ~unr *uJl~ la M* a «i„™ 45 the metal carbide substrate (WC-7Co) has a microhard- 

pressure 01 about 1Q-- 4 mbar, there is disposed a planar, . . * , ort _ x , ^^i ^ . j v ■ j «_ , 

circular or rectangular target plate. The substrate^ to be ness of f^to 1900 HV.and a; Qf?^. . 

. coated are positioned on a substrate plate at a distance **** microhardness of .2000 to.2200 HV Smce a mcke 

ofa few cm from the target. An electrical field between -intermediate layer whose i micrhardne^ lies at 190 HV 

target and substrate plate causes partial ionization of the wa * [ {ound 10 ^ unsuitable, the^person of orAnaiy skill 

gas contained in the vacuum vessel. A strong pot mag- 50 in the art would have been taught away from employing 

net is provided behind the target plate. The field lines of mtermediate layers of molybdenum and/or tungsten; 

this magnet force the free electrons of the plasrria in The myentiori wiU now be described in greater Retail 

front of the target into circular or spiral paths, with the ™& reference to examples. . «y,. 

planes of the electron paths being approximately paraK In toe examples below, irietal carbide basic bodies:; 

lei to the target plate. Due to the circular paths of the 55 were employed which were in the form of reversible-. 

electrons, the ionization density is increased signifi- cutting plates hav^g the geometric shape known as 

cantly and it is possible to operate with relatively low. SNUN 120408 (Standard 15Q883) and were manufac- 

gas pressures. Sputtering of the target is effected by the tured from metal carbide M l 5 , [composition, in weight 

positive argon ions which are accelerated by the electric . percent: 82.5% WC, 1 1 % (TiC, TaC and NbC) and 

cal field.. The sputtered atoms or atom groups impinge 60 6.5% Co*] 

on the substrate with relatively high energy. A distinc- . EXAMPLE 1 

tion is made between direct and reactive cathode sput- . - - . . 

tering. In the direct cathode, sputtering process, the The reversible cutting plate was treated in a CVD 

target material is applied directly to the substrate. For system at an initial temperature of 1 020* C. with a gas 

reactive cathode sputtering, a gaseous component is 65. mixture of titanium- tetrachto^ 

added to the argon operating gas, which reacts with the . gen. After eo .mmutes,, the temr^rature was reduced to 

sputtered target material; For example, a molybdenum . 990° C. and methane was'replacedjb'y .nitrogeni After. a * 

intermediate layer is produced by sputtering a molybdie- . total of 1 80 minutes, the-' rarnace heat was switched off 
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and the reversible cutting plate was cooled in a stream wear characteristics with a low coating temperature 
of hydrogen. By means of a metallographic microsec- than is possible with reversible cutting plates coated 
tion, it was determined that a double hard substance according to the CVD process. Due to the low process 
layer of titanium carbide and titanium nitride having a temperatures of the process according to the invention, 
total thickness of 7.5 am had formed on the metal car- 5 metal carbide tools can now be coated which could not 
bide reversible cutting plate. be coated in the past due to the high temperatures in- 

EXAMPLE 2 volved in the CVD process, such as, for example, high 

precision parts that are subject to warping and soldered 
In a cathode sp uttering system, a reversible cutting meta j ca rbide parts. 



Dlateiat«a^t emr^fatureToti3 r 5Q^(5<was treated by reac- 10 
tively cathode sputtering a titanium target (cathode) in EXAMPLE 5 

a gas atmosphere of 10 volume percent nitrogen and 90 A reversible cutting plate was coated by direct cath- 
volume percent argon at a pressure of 1 Pascal to pre- ode S p U ttering with a molybdenum intermediate layer 
cipitate a titanium nitride layer having a thickness of 7.2 md subsequ ently by reactive cathode sputtering with a 

15 2 urn aluminum oxide layer. During the two coating 
EXAMPLE 3 processes, the temperature of the metal carbide basic 

, „^ j., jj body was about 400° C. The critical load of the thus 

An 0.6 jim nickel intermediate layer was produced on reveTsMe cutti late was determ ined to be 6 

a reversible cutting plate by direct cathode sputtenng of , ° r 

a nickel target in an argon atmosphere, with the revers- 20 ®* . - . ., . . . 

m_1 . & , . . . 6 . _ K . ' ~ ol . Ann9 n For comparison an otherwise identical cutting plate 

ible cutting plate having a temperature of about 400 C. r . . . ... j- * 

Thereafter a titanium nitride byer was applied to the was P re P^ ed ™thout the molybdenum mtermediate 

nickel intermediate layer as described in Example 2. ave ^ resultm S m a cuttm S P late wth a cntlcal load of 



EXAMPLE 4 25 



1.5 kg. 

EXAMPLE 6 



A molybdenum intermediate layer having a thickness TT , « . . . _ 

of 0.6 am was precipitated onto the reversible cutting Under the conditions stated in Example 4, a revers- 
plate by the cathode sputtering of a molybdenum target Me cutting plate was coated with an intermediate layer 
in an argon atmosphere. During the precipitation of the of a molybdenum alloy composed of 0.07% zirconium, 
molybdenum intermediate layer, the reversible cutting 30 0.5% titanium, the remainder being molybdenum. This 
plate had a temperature of about 400° C. Thereafter, a intermediate layer also imparted good adhesion and 
7.0 am titanium nitride hard substance layer was ap- good wear characteristics to the subsequently applied 
plied to the molybdenum intermediate layer in the man- titanium nitride hard substance layer, 
ner described in Example 2. The above examples are provided for purposes of 

After application of the coatings, the reversible cut- 35 illustration and not to limit the invention, which is in- 
ting plate was examined by metallographic methods, tended to include all modifications, adaptations and 
layer thicknesses were measured and the quality of the equivalents within the scope of the appended claims, 
bond between the basic bodies and the layers was evalu- TABLE 1 

ated. With the aid of a scratch test in which a conical : 

diamond tip was drawn across the layer with increasing 40 _ ( ™ ck ' °^ G f ^jaitting Teat* 

pressure, it was possible to determine a quantitative " * 
adhesion value, the so-called critical load. Finally, the 
cutting ability of the coated reversible cutting plates 
was determined on a test lathe by cutting a shaft made 
of C60 steel, (according standard AISI 1060, Brinell 45 
hardness 300 HB). 

The results of the tests are shown in Table i. In the 
scratch test, the reversible cutting plate coated accord- 
ing to Example 1 in a CVD process reached a critical 
load of 4.5 kg. In the cutting test, a crater depth of 25 50 * S^SSSSL 
am was reached after 12 minutes of rotation as well as cutting speed: iso m/min 
a wear mark width of 0. 15 mm. The reversible cutting Cutrin » dcpth: M mm 
plate coated according to Example 2 had a critical load . 
of only 2.5 kg. In the cutting test, the lower layer adhe- 13 clam t ed » 

sion resulted in greater crater wear and a greater wear 55 A wear resistant, coated » metal com - 
mark width. After the cutting test, chipping of the lay- pn*>ng * metal carbide basic body, a metallic intermedi- 
ers was observed on the reversible cutting plate coated ate laver at least one metal-free hard substance 
according to Example 2. Already, after 2 minutes of layer, wherein the metallic intermediate layer comprises 
rotation, the reversible cutting plate according to Ex- at least one metal selected from the group consisting of 
ample 3 displayed such great crater wear that the cut- 60 molybdenum and tungsten and has a thickness of from 
ting test was interrupted. about 0.1 to 2 am, said metallic intermediate layer hav- 

The reversible cutting plate according to the present ing been applied to the metal carbide basic body by a 
invention, as described in Example 4, had a high critical physical vapor deposition process in which the metal 
load, thus demonstrating high adhesion of the hard carbide basic body is maintained at a temperature of 
substance layer. With respect to its wear characteristics, 65 from 200° to 600° C. during the deposition of the inter- 
this reversible cutting plate was superior to. the compar- mediate layer. 

ison plate of Example 1. With the present invention, it is 2. The metal carbide body of claim 1, wherein the 
thus possible to achieve the same or better adhesion and intermediate layer comprises molybdenum. 
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3. The metal carbide body of claim 1> wherein the 
intermediate layer comprises tungsten. 

4. The metal carbide body of claim 1, wherein the 
intermediate layer comprises both molybdenum and 
tungsten. 5 

5. The metal carbide body of claim 1, wherein the .. 
metallic intermediate layer has been applied to the metal . 
carbide basic body by direct cathode sputtering. 

6. The metal carbide body of claim 1, wherein the . 
metallic intermediate layer comprises 0.1 to 49 weight 10 
percent of at least one metal selected from the group 
consisting of titanium, zirconium, hafnium, niobium and 

..tantalum. 

7. The metal carbide body of claim 1, wherein the 
metal-free hard substance layers comprise at least one 15 
hard substance selected from the group consisting of 
titanium carbide, titanium nitride, titanium carbonitride, 
aluminum oxide, zirconium oxide, boron carbide, sili- 
con carbide, titanium diboride. 

8. The metal carbide body of claim 1, wherein the 20 
metal-free hard substance layers comprise at least one 
hard substance selected from the group consisting of 



titanium carbide, titanium nitride, titanium carbohitride 
and aluminum oxide. . 

9. A process for producing the wear resistant, coated; 
metal carbide body of claim 1, comprising applying a 
metallic intermediate' layer onto' the metal carbide basic 
body by a physical vapor deposition process, during the 
deposition of which the metal carbide basic body is 
maintained at a temperature of from about 200° to 600° 
C., and applying at least one metal-free hard substance 
layer onto the metallic intermediate layer by known 
means. 

10. The process of claim 9, wherein the metallic inter- 
mediate layer is applied to the metal carbide basic body 
by direct cathode sputtering. 

11. The process of claim 9, wherein at least one metal- 
free hard substance layer is applied to the metallic inter- 
mediate layer by reactive cathode sputtering. 

12. The process of claim 9, wherein at least one metal- 
free hard substance layer is applied to the metallic inter- 
mediate layer by gas phase reaction. . . 
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